The restoring zones off Gibraltar and at the northern and southern boundaries are shaded. Note that at the southern 12 boundary, restoring is applied only for ISOPYCNIC and SIGMA models whereas LEVEL has an open boundary here. 
Bathymetry

250
The bathymetry for the models is derived from the 5Ј ETOPOS database by the National Geo-251 physical Data Center. However, it has been unavoidably necessary to add a certain amount of 252 subjective modifications, because straightforward filtering mechanisms lead to unsatisfactory 253 descriptions of sill depths and cross-sections of narrow straits in key regions. 254 According to their respective coordinate systems, all three models use a slightly different top- 268 All three models are eddy-resolving (more precisely eddy-permitting), and thus the transport 269 and mixing by mesoscale eddies is explicitly included, at least to a certain extent. The subgridscale 270 parameterisation must therefore primarily describe transports from sub-mesoscale motions. In 271 addition, some mixing of momentum and tracers is also required to prevent numerical instability. where B eq denotes the equatorial value. In this way, Peclet and Reynolds numbers at grid scale 282 are independent of latitude for a fixed advection velocity. 283 ISOPYCNIC uses a Fickian law for isopycnal exchange of momentum, and for the isopycnal 284 diffusion of both layer thickness and tracers. All coefficients are proportional to the grid spac-285 ing, i.e. . 296 The equatorial values of all mixing parameters are given in is also derived from the same ECMWF wind analyses (Siefridt, 1994) , using the stress formulation 350 proposed by Kondo (1975) .
Sub-gridscale parameterizations
351
All forcing fields were converted to pseudo fields as proposed by Killworth (1996) The three models have been initialised with a state of rest using the Levitus climatology for 384 the month of September, when the ocean is well stratified, and integrated over a period of 20 years.
385
The last 5 years of these runs serve as the main analysis period for the model intercomparison. The integration time of 20 years is very short compared to the thermohaline response time of 395 the deep ocean. Hence, while the circulation is well-adjusted to the density distribution, it is far 396 from the equilibrium response to the atmospheric conditions. In particular, the water mass distri-397 butions are far from equilibrium and reflect the initial state to a rather high degree. The overall structure of the thermohaline circulation is commonly described by the mean mer-437 idional overturning transport, defined as the annually averaged zonally integrated transport above 438 a certain geopotential level. The corresponding stream function is given as 
506 507 which is displayed in Fig. 4 The plot is restricted to densities s q Ͼ27.0 so that primarily the to Ͻ1 Sv south of about 45°N, but it remains a significant factor in SIGMA at mid-latitudes: e.g., 524 with about 6 Sv at 35°N, the latitude of Cape Hatteras.
525
According to the host of sensitivity studies carried out under the CME (e.g, Döscher et al., While the convection depth of the three models is strikingly different, it is likely that these 603 differences are not immediately related to the different numerical concepts. The sensitivity studies 604 show that other factors also contribute, and it is possible to get equally strong differences between 605 realizations of the same model. LEVEL-KT (Fig. 5d) Sea (cf. the discussion of Fig. 12 below) . The modified flow field in SIGMA-2 (Fig. 5d) Furthermore, the velocity shear at large depths in ISOPYCNIC can differ substantially from its 668 correct value which is connected to gradients of the in-situ density rather than of s q . These which is on the high side of most published estimates. Only SIGMA-2 has a lower value (0.3 PW), 735 an immediate consequence of its lower overturning.
736
The zonally averaged surface heat flux (Fig. 11) is fairly similar in all three models. In all 737 three models, the region of oceanic uptake of heat is fairly concentrated around the equator, with 
Aspects of the horizontal circulation
766
The mean sea-surface elevation (Fig. 12) gives an indication of the geostrophic component of 767 the surface circulation. All three models perform rather similarly in terms of large-scale structure 768 and magnitude, both in the subtropical/subpolar gyres and in the equatorial region, but differ on 769 smaller scales and in several important regional features.
770
None of the three models is able properly to simulate the observed separation of the Gulf
771
Stream at Cape Hatteras. This is unexpected since it is obvious that the resolution in all models 772 remains too coarse to capture the details of the vorticity dynamics which control the separation 773 process (Dengg, Beckmann, & Gerdes, 1996 The Gulf Stream path downstream of Cape Hatteras differs considerably in the three models.
777
A strong recirculation is apparent in ISOPYCNIC (Fig. 12b) and also occurs to some extent in 778 SIGMA (Fig. 12c) . But it is absent in LEVEL, which instead shows an anticyclonic recirculation 779 in the Mid-Atlantic Bight and indications of standing eddies (Fig. 12a) , a pattern that has also ance.
837
The 5-year mean barotropic streamfunction for the three models (Fig. 14) has a rich structure, topography is unlikely to be the cause as the deviations appear to be unaffected by the Mid- The mesoscale eddy variability is largely responsible for processes of baroclinic and barotropic 894 instability, at least in the extratropics. Differences in the eddy activity in the three models will 895 therefore reflect differences in the mean circulation. We will focus here only on those aspects of 896 the models' variability which helps to identify deficiencies in the simulations.
897
The sea surface height variability for the three models, averaged over the 5 years of the inter-
898
comparison experiments, is shown in Fig. 16 
